Prevention of pollution and remediation of water systems is one of the global problems of our civilization. The Earth has huge resources and remediation mechanisms for water purification in nature. A human being needs to study and use these mechanisms. Therefore natural sorbents are involved in the technologies of water purification from various pollutions. Natural minerals are affordable and low-cost, have a possibility of a single use, as a rule, they possess an increased selectivity to toxic elements, are resistant to ionizing radiation and a number of other advantages. A high level of modern experimental technologies allows obtaining practically any synthetic material, but the question of the priority (expediency) of using natural mineral raw or synthetic materials is always important. Such discussions have been going on for a long time, for example, about zeolites. As a rule, synthetic material is produced as a result of expensive technologies and rather harmful chemical reagents. At the same time natural mineral raw (zeolites, montmorillonites, opals, etc.) with insignificant and inexpensive modification of their physical and chemical properties can serve as an excellent basis for competitive materials. Since Russia, Romania, Greece and other countries entered the world market, the requirements to both technological and environmental parameters of the products increased. All these facts call for, firstly, profound knowledge on minerals, as carriers of necessary chemical elements and useful properties, features of their real crystal structure; secondly, understanding the mechanisms of changes in the parameters of minerals un- The efforts of applied mineralogists and chemists are combined to produce sorbents that are competitive in the world market. Modern methods were used to study the physical and chemical (technological) properties of natural sorbents. We observed the technologies of modification of analcime-bearing rocks to increase the efficiency of pollution prevention and remediation of aquatic systems. We presented a comparative evaluation of sorption-filtering properties of analcime-bearing rocks and quartz sand to improve the process of purification of drinking and waste water from various types of pollution.
Introduction
Îáúåäèíåíû óñèëèÿ ïðèêëàäíûõ ìèíåðàëîãîâ è õèìèêîâ äëÿ ïîëó÷åíèÿ ñîðáåíòîâ, êîíêóðåíòîñïîñîáíûõ íà ìèðîâîì ðûí-êå. Ïðè èññëåäîâàíèè ôèçèêî-õèìè÷åñêèõ (òåõíîëîãè÷åñêèõ) ñâîéñòâ ïðèðîäíûõ ñîðáåíòîâ èñïîëüçîâàëèñü ñîâðåìåííûå ìåòî-äû. Ðàññìîòðåíû òåõíîëîãèè ìîäèôèöèðîâàíèÿ àíàëüöèìñîäåðaeàùèõ ïîðîä äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ïðåäîòâðàùåíèÿ è âîññòàíîâëåíèÿ âîäíûõ ñèñòåì îò çàãðÿçíåíèÿ. Äàíà ñðàâíèòåëüíàÿ îöåíêà ñîðáöèîííî-ôèëüòðóþùèõ ñâîéñòâ àíàëüöèìñîäåðaeà-ùèõ ïîðîä è êâàðöåâîãî ïåñêà äëÿ óñîâåðøåíñòâîâàíèÿ ïðîöåññà î÷èñòêè ïèòüåâûõ è ñòî÷íûõ âîä îò çàãðÿçíåíèé ðàçëè÷íîãî òèïà.
Êëþ÷åâûå ñëîâà: ïðèðîäíûå ñîðáåíòû, âîäíûå ñèñòåìû, àíàëüöèìñîäåðaeàùèå ïîðîäû, êâàðöåâûé ïåñîê, ôèçè÷åñêèå è õèìè÷åñêèå ñâîéñòâà.
der the influence of natural and technogenic impacts; thirdly, understanding the mechanisms of the improvement of the properties of sorbents, various methods of modification are required, including technologies for sorbent synthesis based on mineral raw and products of their processing; fourthly, combining the efforts of applied mineralogists and chemists to produce sorbents that are competitive in the world market.
A wide application of natural zeolites and zeolite-bearing rocks in the environmental protection is conditioned by their adsorption and ion-exchange properties. They acquire the greatest practical importance as adsorbents for removal of harmful components from gas emissions of chemical, petrochemical industries and non-ferrous metallurgy, as well as for the purification of industrial waste waters from heavy metals, oil products, phenol, radioactive elements and domestic sewage from ammonium [3, 7, 9, 10] .
At present the urgency of the problems associated with the purification of drinking and household waters is not in doubt. The most common sorbent for deep cleaning of household and drinking water is activated carbon -granular and powder, as well as quartz sand, clay, expanded clay. At the same time quartz sand does not possess sorption properties for organic substances and heavy metals. The sorption properties of activated coal are expressed only for organic pollutants, and their widespread application is in practice constrained by high costs and deficit. Apart from activated carbons, natural zeolites also possess sorption properties. These properties of zeolites are expressed not only for organic impurities, imparting DOI: 10.19110/2221-1381-2017-5-49-53 tastes and smells to the water, but also for heavy metals and radionuclides.
Objective: Comparative evaluation of sorption-filtering properties of analcime rocks and quartz sand for improving the process of purification of drinking and waste water from various types of contamination and studing of methods of analcime-bearing rocks modification in order to increase its sorption and cation exchange parameters.
Objects and methods
Analcime-bearing rocks of the Veslyana group occurrences (Koinskaya zeolite area, Timan Region) are represented by Upper Permian aleurolites and argillites, less often by marls. The analysis of the mineral composition showed that the rocks are characterized by a high clay content (50-70 %) impregnated with iron oxides and hydroxides, also quartz (10-30 %), analcime (1-30 %), feldspars (2-10 %), carbonates (2-5 %) are present. The clay minerals are represented by a disordered, mainly swelling, mixed phase (illitesmectite, illite-chlorite), kaolinite and chlorite are present insignificantly. A detailed description of these rocks is presented in [8] .
Quartz sand -a crushed mineral with a high content of quartz (up to 98 %), as a filler for water filters [2] , which specifies the requirements for filtering granular materials in the treatment of drinking and household water.
Experiments on drinking water purification with analcime-bearing rocks and quartz sand were carried out as follows: in 2 columns with a volume 300 ml, a filtering load with a layer height 0.22 m was placed. The initial water, taken from the sampler of Vychegda River, was poured through the funnels. The contact time of the initial water with the filtering load was 15 minutes, and then filtration was started at a rate 5.4 m/s. The filtered water was collected in flasks with a volume 0.9-1.0 dm 3 every 2-3 hours and the color, turbidity, pH, iron content and permanganate oxidability were determined. The comparison of analcime rocks to quartz sand, and not to other sorbents, for example zeolites, was carried out because currently quartz sand is used at a local water treatment plant. When using analcime rocks without any treatment, the permanganate oxidability increased from 3.77 to 9.49 mg/ dm 3 . Therefore, further studies were carried out on a modified analcime rocks obtained by calcination at a temperature of 600 °C for 1 hour. The heat treatment allowed to remove organic substances from analcime-bearing rocks and to increase their sorption properties.
The cation exchange capacity for barium was measured by the Bobko-Askinazi-Aleshin method according to GOST 17.4.4.01-84 [1] . The sorption structural parameters (specific surface area, micro-and mesopore volume, total pore volume) were determined using an analyzer of surface area and pore size NOVA 1200e, Quantachrome. The specific surface area was calculated by the BET method (nitrogen adsorption curve), the mesopore volume by the BJH method (nitrogen desorption curve), the micropore volume by the DubininAstakhov method.
The heat treatment of the samples was carried out in a muffle furnace in the temperature range from 100 to 900 °C with steps by 100 °C for 1 hour, then the samples were cooled in a desiccator. Mechanical activation was carried out in a bowl attritor, the duration of the grinding was from 20 seconds to 20 minutes. Acid activation was carried out with 5, 10 and 20 percent solutions of hydrochloric, sulfuric and nitric acids for 1 hour.
Results and discussion
Analcime-bearing rocks and quartz sand approximately equally improved organoleptic parameters of water quality: chromaticity decreases by 15 %, turbidity -by 4.7 times ( fig. 1, 2) . However, the analcime-bearing rocks significantly reduced the iron content in water (by 3.7 and 2.5 times, respectively) and reduces the permanganate oxidability (by 20 and 1 % respectively) ( fig. 3, 4) . pH parameter slightly increased from 7.23 till 7.6 in both cases. The results of the researches in this area are brought to the patent [6] .
The high efficiency of wastewater treatment of «Vylgo-rtskaya sapogovalnaya fabrika» with analcime-bearing rocks was established. When filtering wastewater through the column, a significant decrease was found in the following indices: suspended matter, turbidity, chemical oxygen demand, ammonium, petroleum products, phosphates. In addition the water pH increase from acid (4.57) to neutral (7.3) was noted. At the same time no decrease of the concentration of sulphates and chlorine in the filtered water was detected.
Analcime-bearing rocks were used for the post-treatment of sewage waters from the boiler plants from chlorine, iron, ammonium nitrogen, phosphates, petroleum products, heavy [4] . The sorption capacity of iron ions (0.13 mg-equiv/100 g), amines (10 mg-equiv/100 g), magnesium (5.94 mg-equiv/100 g), phosphates (1.42 mg-equiv/100 g) were determined. Sufficiently high adsorption properties with respect to petroleum products and PVA were assumed. It was determined that purification of waters with the help of analcime-bearing rocks was quite effective in many parameters. As a result of researches it was considered that a technological scheme using analcime-bearing rocks as a granular filter load and a membrane device for desalting industrial water is the most rational scheme. Preliminary a high efficiency of analcime-bearing rocks as a sorbent for the elimination of accidents with oil spills was determined [5] .
To determine the most promising directions of application of analcime-bearing rocks, it is very important to study their physical and chemical (technological) properties and the possibility of directional change of the properties by various methods of influence.
As main studied parameters we chose a cation exchange capacity (CEC) and a specific surface area (SSA). In addition to the specific surface, we estimated other structural parameters: the volume of micro-and mesopores and the average radius of the pores. The changes in these parameters were studied as a result of various methods of influence: thermal, mechanical and acidic.
Starting CEC of analcime-bearing rocks varies in the range from 18.7 to 53.2 mg-equiv/100 g; CEC of analcime was 21.5 mg-equiv/100 g. The dependence of the exchange capacity on the analcime content in the rocks was not revealed.
Starting SSA of analcime-bearing rocks varies in the range from 9.1 to 45.4 m 2 /g, SSA of analcime is 1.5 m 2 /g. This is due to the fact that the diameter of the channels of analcime (0.26 and 0.160.42 nm) is smaller than the diameter of the nitrogen molecule (0.32-0.35 nm). Therefore, in this case, we cannot measure SSA of analcime, and the resulting surface is determined by the content of clay minerals.
Thermal activation. To measure SSA it is necessary to empty the pores, i. e. to remove water, OH groups and other volatile compounds, but so that crystal lattice of the sample is not destroyed. We studied the dynamics of the change of SSA during thermal treatment within 100 to 900 °C. As seen on the fig. 5 , SSA initially increases with increasing processing temperature, reaching a maximum value at 450 °C. Here, the value of SSA increases by almost 2 times compared to the starting one. With further increase in temperature, it begins to de- crease and, after annealing at 700 °C, drops sharply to almost 0. The average pore radius first slightly increases and then remains practically unchanged with a value 2.5 nm and only at annealing at 900 °C. As for the volume of micropores, a correlation with SSA is observed ( fig. 6 ). The volume of mesopores at 100 °C heat treatment decreases by 2 times, then oscillates around 0.03 cm 3 /g, and after 700 °C it decreases sharply. CEC gradually increases with heating, at 500 °C it is higher than the starting one by 25 % ( fig. 5) . At further annealing, CEC is also significantly reduced. Most likely the increase of SSA and CEC are associated with the removal of the structural water of analcime and clay minerals. With further heating crystal lattice of analcime and clay minerals are destroyed, so the studied parameters are reduced.
Mechanical activation. As seen on the fig. 7, 8 , in the beginning, when the grinding time is increased, SSA also increases and reaches its maximum value within 2 minutes, increasing almost by 1.5 times. Further, when the time of the grinding is increased, SSA value decreases, with grinding for 20 minutes SSA is almost half the starting one. The average radius of the pores practically does not deviate from the value of 2.25 nm. The volume of micro-and mesopores also gradually increases, reaching its maximum with a duration 2 minutes, and then decreases.
Concerning CEC, the same effect is observed here: CEC increases to duration of 2 minutes (by 18 %), then decreases, and for some time it does not change, and only at 20 minutes of grinding the value of CEC strongly decreases.
Acid activation. Another way to improve the sorption and ion-exchange properties is acid activation. We performed the activation by 5, 10 and 20 percent solutions of hydrochloric, sulfuric and nitric acids. In all the cases we observed an increase of SSA ( fig. 9 ). When treated with 5 % and 10 % hydrochloric acid, SSA increases by factors of 2 and 3 respectively. Exposure to a more concentrated acid results in a reduction of SSA. When treating with 5 and 10 % sulfuric acid, SSA increases at 2 times, while processing 20% -it decreases. Under the influence of 5 % nitric acid, the surface is also doubled, the treatment with 10 and 20 % solutions of nitric acid results in a decrease of SSA. Probably, the increase of the acid concentration is associated with the destruction of clay minerals and, as a consequence, a decrease of SSA.
Practically after all the experiments the CEC increase is observed ( fig. 10) . We determined that the treatment with hy- Fig. 7 . Depending of specific surface area and cation exchange capacity on time of grinding Ðèñ. 7. Çàâèñèìîñòü óäåëüíîé ïëîùàäè ïîâåðõíîñòè è êàòèî-íîîáìåííîé åìêîñòè îò âðåìåíè èñòèðàíèÿ 
Conclusion
Thus, after various methods of influence (thermal, mechanical and acid), we observed the improvement of sorption and cation-exchange properties of analcime-bearing rocks of the Timan Region.
At thermal treatment within 100 to 900 °Ñ the optimal temperature for these rocks is the annealing temperature 450-500 °C, at which the specific surface area and exchange capacity increases by 1.9 and 1.25 times, respectively. At a further increase of the temperature, the studied parameters decrease significantly.
Mechanical activation experiments, lasting from 20 seconds to 20 minutes, showed that the optimum grinding time is 2 minutes and resulting in the increase of the specific surface area by 1.5 times and the exchange capacity by 1.2 times. The grinding, lasting more than two minutes, results in the decrease of these parameters.
The most efficient method is a treatment with acid solutions (hydrochloric, sulfuric, nitric). The treatment with 5 % and 10 % hydrochloric acid results in increasing specific surface area by 2 and 3 times respectively, and the cation exchange capacity by 1.3-1.35 times. More concentrated acids result in the decrease of the parameters.
Based on the obtained results it should be noted that according to its characteristics, analcime-bearing rocks can be used as filter material for cleaning household and drinking waters in fast filters at water intakes instead of quartz sand.
